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I N T R O D U C T I O N  
S e v e r a l  w a y s  o f  l e v e l  c o n t r o l  
i n c l u d e  p n e u m a t i c ,  m e c h a n i c a l ,  
e l e c t r i c a l  a n d  e l e c t r o n i c .  M o s t  o f  
t h e  a b o v e  m e n t i o n e d  l e v e l  c o n t r o l  
s y s t e m s  h a v e  b e c o m e  o b s o l e t e ,  
w h i l e  e l e c t r i c a l  l e v e l  c o n t r o l  
d e v i c e s  a r e  s t i l l  v e r y  c o m m o n .  W e  
a r e  n o w  i n  t h e  e l e c t r o n i c s  a g e  a n d  
e l e c t r i c a l  c o n t r o l  s y s t e m s  a r e  a l s o  
g r a d u a l l y  b e i n g  r e p l a c e d  w i t h  t h e i r  
electro~ic e q u i v a l e n t .  E l e c t r o n i c  
s y s t e m s  a r e  g a i n i n g  g r o u n d  
b e c a u s e  o f  t h e  l o w  p o w e r  
r e q u i r e m e n t ,  r e d u c e d  l o s t ,  s i z e  a n d  
w e i g h t .  E f f i c i e n c y ,  r e l i a b i l i t y  
v e r s a t i l i t y  a n d  c o m f o r t  a r e  a l s o  
a s s o c i a t e d  w i t h  e l e c t r o n i c  s y s t e m .  
T h e  e l e c t r o n i c  w a t e r  l e v e l .  
c o n t r o l l e r  d e s i g n e d  a n d  
c o n s t r u c t e d  p r o v i d e s  a c c u r a t e  l e v e l  
c o n t r o l  w i t h  i n d i c a t o r s  t o  m o n i t o r  
t h e  s t a t e  o f  t h e  p u m p ,  w e l l  a n d  
o v e r h e a d  t a n k  w a t e r  l e v e l  . a s  w e l l  
a s  a u d i b l e  w a r n i n g  d e v i c e  t o  a l e r t  
t h e  u s e r .  T h i s  i s  a  r a r e  f e a t u r e  i n  t h e  
e x i s t i n g  c o n t r o l l e r s .  
T h e  d e s i g n  i s  b a s e d  o n  t h e  f o l l o w i n g  b a s i c  
f a c t o r s  a m o n g  o t h e r s .  
( i )  W a t e r  i n  i t s  p u r e  s t a t e  h a r d l y  c o n d u c t s  
e l e c t r i c a l l y .  O n l y  1  o·
7  
g r a m  p e r  o n e  l i t r e  
o f  p u r e  w a t e r  d i s s o c i a t e s  u n d e r  
i m p r e s s e d  c u r r e n t  ( W i l k i n s o n ,  B .  
( 1 9 8 7 ) ) .  U n d e r g r o u n d  ( w e l l )  a n d  t r e a t e d  
p u b l i c  s u p p l y  w a t e r  i s  n e v e r  p u r e  a n d  
( i i )  D o e s  c o n d u c t  e l e c t r i c i t y  a p p r e c i a b l y .  
H e n c e ,  i n e x p e n s i v e  e l e c t r o d e - t y p e  l e v e l  
s e n s o r s  a r e  u s e d  i n s t e a d  o f  t H e  u s u a l  
· f l o a t  s w i t c h .  
( i i i )  T r a n s i s t o r  c a n  b e  o p e r a t e d  f r o m  c u t - o f f  
t o  s a t u r a t i o n  o r  v i c e  v e r s a  a t  e n o r m o u s  
s p e e d .  U n d e r  t h i s  c o n d i t i o n ,  a  t r a n s i s t o r  
i s  r e f e r r e d  t o  a s  a n  e l e c t r o n i c  s w i t c h  t h a t  
p r o v i d e s  h i g h  o r  l o w  l o g i c  r e q u i r e d  b y  a  
l o g i c  c i r c u i t .  
( i v )  O p e r a t i o n a l  a m p l i f i e s  c a n  b e  c o n f i g u r e d  
t o  b e  a  c o m p a r a t o r  w h i c h  c o u l d  
c o m p a r e  t h e  v a l u e  o f  a  v a r y i n g  v o l t a g e  
w i t h  a  f i x e d  r e f e r e n c e  v o l t a g e .  
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(v) Logic gates could be used to 
carry out decision making in an 
electronic circuit. 
(vi) Finally, a flip flop circuit in the 
form of integrated circuit can 
favourably replace an analog 
feedback· circuit used in most 
automatic control circuit. This 
versatile controller can be used 
for a single or three phase 
pump: surface, dip or 
submersible types. Areas in 
which the device can be used 
include: bore-holes, domestic 
and public water supply 
systems as well as chemical 
water treatment plants. With 
slight modification, non-
conducting liquid (like oil) level 
can be controlled by the device 
thus extending its area of 
application to the oil and gas 
industry. 
METHODOLOGY 
The design of the controller 
is divided into two major breading: 
the power supply unit and the 
control unit. 
Power Supply Unit 
Like all other electronic 
. device,· the electronic water 
controller needs power supply to 
enable it operate. The use of 
battery is not very appropriate 
because of degenerating emf 
during service life (Harbst, L. J. 
(1969) and most importantly is the 
fact that the pumping machine 
used in an AC induction motor. 
The power supply unit is 
made up of a step down 
transformer, rectifier and filter. The 
block diagram of the power supply 
unit is shown in Figure 1. 
The peak voltage output of the 
rectifier is given (Harbst, L. J. ( 1969) as: 
Vp' = Vp + VF ······· · ···· ··· · (1) 
Where Vp='-'2Vrms ....... ... (2) 
VF is the forward voltage drop of the 
rectifier diode 
The voltage output of the rectifier is 
not pure d.c. it , contain large alternating 
components called ripple. · The ripple 
voltage !::. V can be expressed as: 
t::.V = t::.QIC ... ..... .... ........ .. ... (3) 
!J.Q = Ide xT/2 ..... .. ... ..... .. ... ... (4) 
/J.V =Ide xT/2C ... ....... . ... .... ... (5) 
But F=1rr 
Therefore V= ldc/2FC 
The unregulated d.c. voltage from the 
rectifier is not constant and therefore not 
suitable ·for the device operation due to the 
following reasons (Millman and Hakias 
(1972)© 
(i) D.C. voltage decrease with increase in 
load current 
(ii) The DC voltage varies with 
temperature, particularly because 
'semiconductor dev1ces were used. 
(iii) DC. Voltage varies with an ac input. 
(iv) Components is the unit were selected 
based on a nominal voltage value 
hence a variation 1n ·the value of the 
voltage could make the circuit mal-
function. 
It is therefore imperator that some 
form of regulation be used. The change 1n 
output voltage !J. V0 of a power supply can 
be expressed as follows: 
!J.V0 =Sv/J.Vi +Rot::.IL .Sr/J.T. . .. . (6) 
Where these three coefficients are defined 
as input regulating factor 
' \  
. ,  
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CONTROL UNIT. 
The control circuit is divided 
into six segments; level sensor, 
comparator unit, logic circuit, 
switching, relay circuit and audible 
warning device (AWD). 
Water Presence Sensor 
The conductance of water 
depends on several factors among 
which are (Walkers, R. (1978)) 
(i) Concentration (PH level): 
Natural water is not pure; it 
contains bicarbonate of calcium 
and magnesium among other 
salts. Conductance of water 
may also increase due to 
metallic impurities absorbed 
during distribution through 
pipes. The implication of this is 
that water can conduct 
electricity. 
a. Temperature: increase in 
temperature raises the potential 
of a molecule such that it can 
dissociate easily when current 
is applied. Conductance of 
water therefore increases with 
increase in ambient 
temperature. 
(ii) Applied voltage. The 
conductance of water increase 
as . the voltage applied 
increases. 
(iii) Anode - Cathode Distance: the 
experimental set-up for testing 
the conductions of water under 
ambient temperature is shown 
in Figure 4. If the anode is far 
from the cathode many carriers . 
will be lost in transits . To obtain 
higher conductance, anode and 
cathode must be as close as 
possible about 3mm apart. 
The readings obtained from 
the experiment carried out to lest 
-
... 
the conductance of water is tabulated in 
Table 1 and using the expression of 
equations (1 0) and (11) below the 
resistance and conductance could be 
obtained from the graph of Figure 5. 
R = V/1 ............................ (10) 
a =1/R =IN ......................... (11) 
' 
When the electrodes are shorted 
with water the resistance value is as 
obtained form equation ( 1 0) . When there is 
no water, the resistance is infinity. The 
resistance of the electrode is connected in 
series with another resistor to form a 
voltage divider network. By this connection, 
the voltage of the connecting point of the 
resistance and the electrode in zero when 
the(e is no water and a value of 6V when 
there is water. The value of the resistance 
is calculated as 
Vout = 6V =Vee 
XR ................... (12) 
R+Rw 
Where Rw is the resistance of water, 
R is the series resistance 
The sketch of the network is as shown in 
Figure 6. 
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The Comparator Unit & Tank 
Indicators 
The voltage from the water 
sensing unit is compared with a 
reference set by a variable resistor. 
These voltages are fed to the inputs 
of an operational amplifier. The 
comparator produces two outputs 
leve'ls i.e. +Vee or -Vee depending 
on which of the inputs have a higher 
potential. The reference voltage is 
set at 4V since the sensor voltage 
changes between OV and 6V. 
Diodes are connected at the 
outputs of the operational amplifiers 
so that should the output go 
negative, current would not flow in 
the reverse direction from the circuit 
connected to it. Two indications were 
connected to monitor the tanks 
condition. One on the overhead 
whiles the other at the underground 
(reservoir). The indicator comes 'ON' 
when there is no water. They act as 
visual indicator of the tank condition. 
The Logic Circuit 
The outputs of the 
comparators have to be combined to 
give a definite instruction either to 
START or STOP the water pump. 
The. following are the 
conditions that must exist: 
Comparator 1: the motor 
(water pump) can only start to run 
when there is water in the reservoir 
tank and no water overhead . 
Comparator 2: the motor 
should be stopped when the . 
overhead tank is filled or the water in 
the reservoir finishes. 
These conditions are 
combined using two logic gates; they 
are 2 - iil!JUt NA~D Schmitt trigger 
(4093) and 2 input OR Gate (4001). 
Comparator I produces 'I' when the 
overhead tank is filled and '0' when less 
than maximum level. 
Comparator 2 produces 'I' when 
overhead tank is empty and '0' when there 
is water in the overhead tank. 
Comparator 3 produces 'I' when 
reservoir is empty, ·o· when there is water in 
the reservoir. 
Therefore for the- motor to start, 
comparator 2 should be T and comparator 
3 should be '0' while for the pump to stop 
comparator 2 should be 'I' or comparator 3 
should be a T. 
Switching Circuit 
The switching 'ON' or 'OFF' of the 
pumping machine is controlled by a high 
and a low signal from the output of a 
bistable multivibrator built usmg the 
monolithic 555 timer IC. 
The bistable is SET when it receives 
a high signal from the start output of the 
logic unit and its output then goes high. On 
the other hand, it is RESET to low when a 
high signal comes from the stop terminal of 
the logic unit. 
It should be noted however that only 
a low going pulse that can be· used to set or 
reset the flip flop hence the pulse from 
either the start or stop needs to be mverted 
before applying it to pin 2 and pin 4 for set 
and reset respectively. 
The transistors Ql and 02 are used 
for trigger and reset respectively. The base 
resistance and collector resistance are 
derived from equations 13, 14 &15. 
Rs =(Vee -VsE) /Is .... .. .. . ... .. (13) 
Is = lc/13... .... .. .... . . . . (14) 
Rc= (Vee-VeE) /lc ... .... . .. ... . . (15) -
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T h e  o u t p u t  o f  t h e  f l i p  f l o p  
( p m 3 )  i s  u s e d  t o  c l o s e  c u r r e n t  p a t h  
t o  t h e  r e l a y  c o i l  w h i c h  a t t r a c t  t h e  p o l e  
o f  a  n o r m a l l y  o p e n  r e l a y  t o  c l o s e .  
T h e  closu~e o f  t h e  r e l a y  c o m p l e t e s  
t h e  c i r c u i t  f o r  t h e  c o i l  o f  t h e  m a i n  
c o n t r a c t o r  w h i c h  i n  e n e r g i z e d  t o  
c l o s e d  c o n t a c t  a n d  p o w e r  i s  m a d e  
a v a i l a b l e  t o  t h e  w a t e r  p u m p  t o  s t a r t  
p u m p i n g  
T h e  A u d i b l e  W a r n i n g  U n i t  ( A W D )  
T h e  a l a r m  i n  t r i g g e r e d  O N  
w h e n  t h e r e  i s  n o  w a t e r  i n  t h e  
r e s e r v o i r .  T h e  p u r p o s e  o f  t h i s  i s  t o  
a l e r t  t h e  u s e r  t o  m a k e  n e c e s s a r y  
p r e p a r a t i o n  a n d  p r o v i s i o n  fo~ m o r e  
w a t e r  b e f o r e  t h e  o n e  o v e r h e a d  
f i n i s h e s .  
T h e  a l a r m  i s  e x p e c t e d  t o  b l a r e  
f o r  a  p e r i o d  o f  t i m e  t o  a v o i d  i t  
c o n s t i t u t i n g  n u i s a n c e .  T h e  t i m e r  f o r  
t h e  a l a r m  i s  b u i l t  u s i n g  t h e  m o n o l i t h i c  
5 5 5  t i m e r  I C  c o n f i g u r e d  i n  t h e  
m o n o s t a b l e  m o d e .  T h e  p e r i o d  o f  t h e  
t i m e r  i s  g i v e n  b y  
1 . 1 R
1
C
1  
• • • . • . . • . • • • • • • • • • • . • • . • • • • . • •  
( 1 6 )  
A l a n n  t r i g g e r  
T h e  a l a r m  w a s  b u i l d  u s i n g  t h e  s a m e  
5 5 5  t i m e  I C  b u t  c o n f i g u r e d  a s  a  f r e e  
r u n n i n g  ( a s t a b l e )  m u l t i v i b r a t o r ,  t w o  o f  s u c h  
m u l t i v i b r a t o r s  w e r e  u s e d .  T h e  f i r s t  i s  t h e  
t o n e  g e n e r a t o r  w h i c h  r u n s  a t  a  f r e q u e n c y  o f  
1 . 5  k H z  w h i l e  t h e  s e c o n d  i s  u s e d  t o  
m o d u l a t e  t h e  f i r s t  a n d  r u n s  a t  a  f r e q u e n c y  
o f  1 H z .  T h e  e x p r e s s i o n  f o r  t h e  f r e q u e n c y  o f  
t h e  5 5 5  i s  g i v e n  b y  e q u a t i o n  1 7  a s  
F  =  1 . 4 4  
( R a + 2 R b ) C  . . . . . . . . . . . . . . . . . .  ( 1 7 )  
S i n c e  t h e  t w o  o s c i l l a t o r s  a r e  f r e e  
r u n n i n g ,  t h e  o u t p u t  o f  t h e  m o n o s t a b l e  i s  
u s e d  t o  c l o s e  a  r e l a y  w h i c h  s u p p l i e s  p o w e r  
t o  t h e  o s c i l l a t o r s  a n d  c u t  o f f  s u p p l y  a f t e r  t h e  
t i m i n g  p e r i o d .  F i g u r e  7  s h o w s  t h i s  
a r r a n g e m e n t .  
T h e  o u t p u t  o f  t h e  o s c 1 l l a t o r  i s  
a m p l i f i e d ·  t o  b e  a b l e  t o  d r i v e  a  s p e a k e r  
e f f e c t i v e l y .  T h e  s p e a k e r  u s e d  i s  a  1 W ,  8 ' 0  
v o i c e  c o i l  s p e a k e r .  T r a n s i s t o r s  Q~, a n d  Q
5  
a r e  c o n n e c t e d  a s  a  D a r l i n g t o n  p a i r  t o  
p r o v i d e  t h e  n e c e s s a r y  a m p l i f i c a t i o n  
T h e  c i r c u i t  g a i n  o f  t h e  p a i r  c a n  b e  
e x p r e s s e d  a s  ( J o n e s ,  M .  H .  ( 1 9 7 7 ) .  M i l l m a n  
a n d  H a k i a s  ( 1 9 7 2 ) )  
h t e =  h t e 4  +  (  1  +  h t e 4 )  h t e s  . . . . . . . . . . . . . . . .  ( 1 5 )  
- - - - . N J ' - - - - - ,  
V e e  
. . . . .  
F o g u r e  7  a u d i o  w a r n n i g  u n i t  
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RESULT, DISCUSSION, 
SIMULATION AND TESTING OF 
THE CONTROLLER 
The constructed controller 
was simulated using a domestic 
water system having a 1.5HP 
surface pump. · 5feet (1.5m) high 
overhead tank placed on a stand of 
12ft high (3.6m) and a reservoir of 5 
feet (1 .5m) deep below ground level. 
The installation of the pump, tank 
and reservoir were completed . The 
level sensors (probes) were (TH) 
overhead upper level, TL as 
overhead lower level and WL 
underground reservoir. 
WL was placed about 4 
inches (1 OOmm) above the suction to 
enable the pump motor stop running 
before the water level in the reservoir 
falls below the suction level in order 
to protect the pump against 
cavitation (running dry) 
( www. Waterpumpbiz.com) 
The TH sensor is positioned 
at a level 2inches (50mm) below the 
tank total height to avoid overflow of 
water. Finally, the TL sensor was 
positioned at 2 inches (50mm) above 
the over head tank discharge point. 
The system was tested and the 
performance was satisfactory. 
OPERATING THE CONTROLLER 
When installed and the power switch 
(S) is put on, the system runs automatically. 
However. if there is need for manual 
operation, the start and stop switches could 
be used. It must be noted that the manual 
switches can operate only if the condition 
for the pump to start or stop extsts. The 
conditions are: 
The sta'rt button wjll operate the 
motor if there is water above WL in the 
reservoir and there water less than TH tn 
the overhead tank. The stop will operate 
when there is water above TL in the 
overhead and irrespective of the condition 
of the reservoir. 
CONCLUSION 
The electronic water level controller 
provides sufficient flexibility to enable a 
wide range of application . The device can 
be used for both single and three phase 
water pumps of various with suitable choice 
of contractor. Submersible, dip or surface 
pump can be controlled with no loss of 
quality and reliability. 
Also, the inexpensive electronic 
water level controller has been designed 
and constructed using commonly available 
components which makes maintenance of 
the device easy. 
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Indicators are provided by the 
device for the state of pump 
(whether running or not), minimum 
well water level and minimum and 
maximum water levels in the over 
head tank. Some of these features 
are not provided by many other level 
control devices. 
NOTATIONS 
v 
I 
F 
c 
T 
R 
Q 
Voltage 
Current 
Frequency 
Capacitance 
Period (1/f) 
Resistance 
Charge 
Although, the device has 
originally been designed for 
conducting . liquids but with slight 
modification of the sensors, it can be 
used to control the levels of non-
conducting liquid. The device can be 
categorized as an appropriate 
technology. 
v' p 
Vp 
VF 
Vrms 
!:No 
L\Vi 
~T 
~~L 
Sv 
ST 
Peak rectifier output voltage 
Peak transformer output voltage 
Rectifier forward voltage drop 
Root mean square voltage 
L 
LED 
lb 
le 
hte 
Vee 
VcE-
VsE 
Rc. 
Rb 
TH 
h 
WL 
Change in output voltage 
- Change in input voltage 
- Change in temperature 
- Change in load current 
- Input regulation factor 
-Temperature coefficient 
- Conductance 
- Light Emitting Diode 
- Base Current 
- Collector current 
- Current gain 
- Collector voltage 
-Collector-Emitter Voltage 
- Base-emitter voltage 
-Collector resistance 
- Base resistance 
-Tank high 
-Tank low 
Well level 
-
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R E F E R E N C E S  
o f  
•  C a t a l o g u e  
s e m i c o n d u c t o r ,  
E l e c t r o n i c s . ( 1 9 9 8 )  
d i s c r e t e  
Q u a r a n d o n  
•  F o r r e s t ,  M .  M .  ( 1 9 8 0 ) :  " A  
h a n d b o o k  o f  i n t e g r a t e d  c i r c u i t  
A p p l i c a t i o n "  R a d i o  S h a c k .  P p .  -
9 4 .  
•  H a r b s t ,  L .  J .  ( 1 9 6 9 ) :  " D i s c r e t e  
a n d  I n t e g r a t e d  S e m i c o n d u c t o r  
C i r c u i t r y " ,  C h a p m a n  a n d  H a l l .  P p .  
4 2 .  
•  J o n e s ,  M .  H .  ( 1 9 7 7 ) :  " A  p r a c t i c a l  
I n t r o d u c t i o n  e l e c t r o n i c  c i r c u i t s " .  
C a m b r i d g e  U n i v e r s i t y  P r e s s .  P p .  
1 0 7 - 1 1 0  
•  M A P L I N  P r o f e s s i o n a l  ( 1 9 9 7 ) :  T h e  
c o m p l e t e  c a t a l o g u e  f o r  
E l e c t r o n i c s .  P p .  5 3 7 - 5 4 1 . 7 8 0  . .  
•  M i l l m a n  a n d  H a k i a s  ( 1 9 7 2 ) :  
" I n t e g r a t e d  E l e c t r o n i c " ,  M c G r a w  
H i l l  I n c .  p p .  6 9 8 - 7 0 0  
•  R S  C o m p o n e n t  C a t a l o g u e .  
( 1 9 9 7 )  
•  W i l k i n s o n ,  B .  (  1 9 8 7 ) :  " D i g i t a l  
S y s t e m  D e s i g n " ,  P r e n t i c e  h a l l  
I n t e r n a t i o n a l  L t d  P p .  3 0 - 3 9  5 1 2 -
5 4 2 .  
•  W a l k e r s ,  R .  ( 1 9 7 8 ) :  " W a t e r  
S u p p l y  T r e a t m e n t  a n d  
D i s t r i b u t i o n " .  P r e n t i c e  H a l l .  
•  w w w .  W a t e r p u m p b i z . c o m  
